Abstract-We have utilized a phase-sensitive effect, the square-wave illusion, to investigate the presence and tuning of phase-sensitive mechanisms. Subjects viewed a 1 c/deg triangular-wave grating and reported the presence or absence of the illusion, before and after adaptation to square-wave gratings of various spatial frequencies. Illusion strength declined with adaptation and was a function of spatial frequency. This function may reflect the spatial frequency tuning of a 'phase channel'. We have also measured by adaptation a contrast sensitivity function, maximally sensitive to a frequency of 1 c/deg. When normalized to the same maximal depression from baseline sensitivity, the phase channel and spatial-frequency channel shared the same low frequency tuning, but the phase channel was broader, with extended sensitivity to higher frequencies. These results can be understood if the phase channel is constructed from combinations of phase sensitive spatialfrequency channels.
INTRODUCTION
The hypothesis that the visual system contains a number of independent spatialfrequency filters or channels tuned to a particular frequency has been supported psychophysically (Campbell and Robson, 1968; Pantle and Sekuler, 1968; Blakemore and Campbell, 1969; Sachs et al., 1971; Graham, 1980) and electrophysiologically (see Robson, 1980; De Valois and De Valois, 1980, 1988; Maffei, 1980 for review) . Psychophysical evidence in support of the hypothesis of independent spatial-frequency channels has shown that: (1) subthreshold summation occurs only for nearby spatial frequencies (e.g., Sachs et al., 1971) ; (2) adaptation to one spatial frequency raises the detection threshold for frequencies only within about an octave of the adaptation frequency (e.g., Blakemore and Campbell, 1969; De Valois, 1977; Cavanagh, 1978) , and masking of one spatial frequency by another occurs only for spatial frequencies within about an octave (Stromeyer and Julez, 1972) .
The general use of contrast sensitivity as an index of the operation of spatialfrequency channels obscures the spatial phase dependence of individual spatialfrequency mechanisms whose contrast sensitivities share similar maxima (e.g., the evensymmetric and odd-symmetric simple cell pairs found in cat and macaque). Relative spatial phase is defined as the phase angle between the sinusoids that make up the amplitude spectrum of a stimulus or filter. Despite the obvious importance of phase, little is known about phase processing in human vision. Recently, however, Leguire *Present address: Universal Energy Systems, Inc., U.S. Army Aeromedical Research Laboratory, Building 6901, Fort Rucker, AL 36362-5000, USA †To whom reprint requests should be sent. et al. ( 1981,1982 ) described a visual illusion that occurs when one views a grating with a triangular-wave luminance profile. At one moment in time the triangular-wave grating appears veridical (i.e. triangular) whereas at another moment in time it may appear more like a square-wave grating with rounded edges. Phase processing is implicated in the 'square-wave' illusion, as the square and the triangular-wave gratings have the same frequency spectra, but differ in the phase of the sinusoidal components of the two stimuli. Leguire et al. (1981 Leguire et al. ( , 1982 provided several lines of evidence that the illusion is the consequence of the instability of phase sensitive mechanisms. Leguire et al. (1981 Leguire et al. ( , 1982 ruled out the possibility that the illusion could be due to eye movements combined with an afterimage or perceptual inference, although recently both hypotheses have found followers (e.g., Mapperson and Lovegrove, 1983; Georgeson and Turner, 1984) . More recent evidence (e.g., Mapperson and Lovegrove, 1983; Higgins et al., 1986 ; Mapperson, pers. commun.) strongly argues against the afterimage hypothesis. Finally, Leguire et al. (1982) presented evidence that the squarewave illusion was different from the perceptual alterations that occured when one viewed a compound grating (e.g., Atkinson and Campbell, 1974; Furchner and Ginsberg, 1978; Burr, 1980; Georgeson and Turner, 1984) . The theory that the square-wave illusion is due to the instability of phase-selective mechanisms is based on studies of the effects of phase-specific adaptation on illusion predominance (Leguire et al., 1982) . Predominance is defined as the percentage of time the square-wave illusion is experienced while viewing a triangular-wave grating. It was found that adaptation to a compound grating composed of f and 3 f sinusoidal components in peaks-subtract phase (i.e. square-wave phase) decreased the amount of time the illusion was experienced. Similarly, adaptation to a real square-wave grating decreased the predominance of the illusion. Adaptation to the f and 3 f sinusoidal components in peaks-add phase (i.e. triangular-wave phase), on the other hand, increased the predominance of the illusion. Adaptation to the fundamental or to the third harmonic of the compound grating alone had no effect on the predominance of the illusion. Therefore, the adaptation experiments implicate phase as a principal component for the illusion, and provide a method for investigating the mechanism(s) by which phase processing takes place within the visual system.
In the phase-adaptation experiments reported by Leguire et al. (1981 Leguire et al. ( , 1982 ) the square-wave adaptation grating was of the same spatial frequency as the test triangular-wave grating that was used to measure the predominance of the illusion. Taking this technique one step further, by adapting to square-wave gratings of different spatial frequency and testing with a triangular-wave grating of fixed spatial frequency, a 'phase channel' could be determined. The purpose of this study is to determine the spatial-frequency selectivity of the square-wave adaptation effect on the square-wave illusion, thus defining the shape and tuning of a phase channel.
METHODS

Observers
Three experienced, psychophysical observers participated in this study. All had normal or corrected-to-normal visual acuity, no history of ocular pathology, and had previous experience observing the illusion. One observer was not aware of the purpose of the study.
